Abstract The current study explored the finding that parsing a narrative into separate events impairs anaphor resolution. According to the Event Horizon Model, when a narrative event boundary is encountered, a new event model is created. Information associated with the prior event model is removed from working memory. So long as the event model containing the anaphor referent is currently being processed, this information should still be available when there is no narrative event boundary, even if reading has been disrupted by a working-memory-clearing distractor task. In those cases, readers may reactivate their prior event model, and anaphor resolution would not be affected. Alternatively, comprehension may not be as event oriented as this account suggests. Instead, any disruption of the contents of working memory during comprehension, event related or not, may be sufficient to disrupt anaphor resolution. In this case, reading comprehension would be more strongly guided by other, more basic language processing mechanisms and the event structure of the described events would play a more minor role. In the current experiments, participants were given stories to read in which we included, between the anaphor and its referent, either the presence of a narrative event boundary (Experiment 1) or a narrative event boundary along with a workingmemory-clearing distractor task (Experiment 2). The results showed that anaphor resolution was affected by narrative event boundaries but not by a working-memory-clearing distractor task. This is interpreted as being consistent with the Event Horizon Model of event cognition.
During language comprehension, a continuous stream of information can be parsed through a process of event segmentation that can have a later influence on memory. For example, there may be a memory decline for information carried across boundaries from one event to another (Lawrence & Peterson, 2014; Radvansky, Krawietz, & Tamplin, 2011; Radvansky, Pettijohn, & Kim, 2015; Radvansky, Tamplin, & Krawietz, 2010) . Conversely, in other cases, there is an improvement of memory for information that occurs more proximal to an event boundary (e.g., Swallow, Zacks, & Abrams, 2009) and is separated by event boundaries (e.g., Zacks & Tversky, 2001) . The focus here is on memory for information that is outside the current event during text comprehension (e.g., Glenberg, Meyer, & Lindem, 1987; Rinck & Bower, 1995; Zwaan, 1996) . Specifically, we assessed the resolution of anaphors as a function of the presence or absence of event boundaries. More specifically, we aimed to assess whether a decrease in the availability of information outside of the current event is due to the segmentation of elements into different events or a more general removal of information from working memory.
The segmentation of the flow of information into event models is well documented. The event indexing model (Zwaan, Magliano, & Graesser, 1995b; identifies at least five dimensions that readers track during comprehension (i.e., space, time, entities, causality, and intentionality). The segmentation of event information is supported by research showing that reading times tend to increase at these event boundaries (e.g., Zwaan, Magliano, & Graesser, 1995b; Zwaan, Radvansky, Hilliard, & Curiel, 1998) , which has been interpreted as reflecting an increase in cognitive effort as readers update their event models. Even when reading time data fails to reflect such an updating, other measures, such as probe response times, show that such segmentation and updating is occurring (Radvansky & Copeland, 2010) .
Aside from reading times, event segmentation has been shown using overt segmentation (e.g., Magliano, Kopp, McNerney, Radvansky, & Zacks, 2012; Zacks, Speer, & Reynolds, 2009 ), often using a variant of the Newtson task (e.g., Newtson, 1973.) , sorting tasks (Zwaan, Langston, & Graesser, 1995a) , probe identification tasks (e.g., Radvansky, Copeland, Berish, & Dijkstra, 2003; Zwaan, 1996) , and priming studies (Ezzyat & Davachi, 2011) . Moreover, this sort of event segmentation applies not only to reading comprehension but also to the comprehension and processing of film (e.g., Magliano & Zacks, 2011; Zacks et al., 2009 ) and interactive virtual environments (e.g., Copeland, Magliano, & Radvansky, 2006; Tamplin, Krawietz, Radvansky, & Copeland, 2013) .
It has been demonstrated repeatedly that event boundaries can result in a processing cost for accessing information that was mentioned prior to encoding an event boundary. In many cases, a probe recognition tasks is used in which reading is interrupted with a memory probe to assess the accessibility of prior text information. Typically, that information is less available if there was a narrative event boundary between the memory probe and the probed-for information (Bower & Morrow, 1990; Glenberg et al., 1987; Levine & Klin, 2001; Morrow, Bower, & Greenspan, 1989; Morrow, Greenspan, & Bower, 1987; Radvansky & Copeland, 2010; Speer & Zacks, 2005; Zwaan, 1996) .
While such studies are informative, a better way to assess comprehension is to not disrupt normal reading so that we can be more confident that the observed effects are not due to postor extra-comprehension processes. To do this, we used reading times to assess the effectiveness of processing anaphors as a function of the influence of event boundaries. This general topic has been explored by other research (Anderson, Garrod, & Sanford, 1983; Claus & Kelter, 2006; Glenberg et al., 1987; Kelter, Kaup, & Claus, 2004; Radvansky & Copeland, 2001; Rinck & Bower, 1995) . This work has found that when an event boundary is encountered in a text, people are slower and less accurate to resolve anaphors that refer to referents that were part of the prior event but not the current event.
For our study, we explored whether the effect of a narrative event boundary on anaphor resolution is due to (a) the separation of information into different event models or (b) a general process, not strongly tied to event structure, involving the removal of information from working memory. The segmentation of information into separate event models was done via the presence of event boundaries in a text. In comparison, the removal of information from working memory is done by providing people with a 30-second distractor task of twodigit multiplication problems. Each of these possibilities is considered in turn (see Fig. 1 ).
One possibility in a decline in information availability following a narrative event boundary is that the boundary segregates the information into different mental structures, or chunks, namely, event models. According to the Event Horizon Model (Radvansky, 2012; Radvansky & Zacks, 2011 , when an event boundary is encountered, it causes information to be put into separate event models. More importantly, information that is in the current event model is held in working memory. In contrast, information that is part of the previous event model is removed from working memory, rendering it less accessible. If comprehension were interrupted with a distractor task that cleared out working memory between reading the referent and the anaphor, then when reading resumed, the event model representing the text prior to the disruption would be returned to working memory, and the accessibility of the anaphor referent should be similar to when comprehension is not disrupted. In this case, anaphor resolution would be worse when there is a narrative event boundary but not if there is only a distractor task.
Another possibility is that it is not the narrative event boundary per se causing a disruption in anaphor resolution but the removal of information from working memory. The boundary sentence may not result in the creation of a new event model but may instead signal the removal of some information from working memory (Kintsch, 1988) . From this view, anaphor resolution is harder because those concepts are not maintained in working memory. Such a cessation of information maintenance in working memory may reflect more general cognitive processes not strongly tied to event structure per se. For such a view, narrative event boundaries are cues to stop maintaining information in working memory. If this is the case, then any other actions taken during reading that also have the effect of clearing out working memory should have a similar effect. Thus, if reading were disrupted with a distractor task that cleared out working memory, then the anaphor resolution difficulty would be present both with a narrative event boundary and with a distractor task, although they may not necessarily be of the same magnitude. In both of these cases, the reader would need to access any referent information that might be available in long-term memory.
There has been prior work assessing reading interruptions by a distractor task during narrative comprehension, although primarily with expository rather than narrative texts. This work has focused on the ability to answer recognition questions and has found that the disruption did not impair performance (Fischer & Glanzer, 1986; Glanzer, Dorfman, & Kaplan, 1981; Glanzer, Fischer, & Dorfman, 1984; Oulasvirta & Saariluoma, 2006) . However, in most of those studies, the postreading memory test involved verifying facts from individual statements in the prior texts. When comprehension questions require a person to integrate across sentences that are on separate sides of a distractor task, then performance is worse (Foroughi, Werner, Barragán, & Boehm-Davis, 2015) . This last finding raises the possibility that readers may have difficulty when a distractor task separates the anaphor and referent, even if they are part of the same event.
To discriminate between these possibilities, we completed two experiments. Experiment 1 was a conceptual replication of the finding that narrative event boundaries impede the resolution of anaphors during reading. In Experiment 2, we replicated Experiment 1 but added the further manipulation of including a distractor task between the anaphor and the referent that served to largely clear working memory of thought related to the reading task. If anaphor disruption is due to just the narrative event boundary, then performance should be similar when reading in Experiment 2 involves a distractor task as when it does not. Alternatively, if anaphor disruption is due to a more general removal of information from working memory, and is not critically dependent on the presence of narrative event boundaries, then the presence of a distractor task should have a similar influence. Experiment 1 assessed narrative event boundaries' influence on anaphoric reference, as has been reported previously (Anderson et al., 1983; Claus & Kelter, 2006; Glenberg et al., 1987; Kelter et al., 2004; Radvansky & Copeland, 2001 ). Participants read stories that contained an anaphor, in the form of repeated noun, which was preceded by the presence or absence of an event boundary between an anaphor and its referent.
Method
Participants Data were collected from 40 participants recruited from Amazon's Mechanical Turk service. Given the online nature of the study, we wanted to keep the number of materials and the length of participation relatively short. To adjust for the smaller number of stories, and thus the fewer number of observations per person, we increased the number of participants relative to most previously published work on this topic. Participants were paid $2.00 for their participation, and the study was presented via the Qualtrics Survey Software website. Participants were limited to those who were over 18 and who were native English speakers located in the United States.
Materials Sixteen stories were used, four of which were filler stories and 12 of which were experimental stories. One of the experimental stories is shown in Table 1 . The stories were 9 to 12 sentences in length. For each experimental narrative there was a referent sentence that contained the entity that would be referred to later. This was always followed by a filler sentence. Importantly, each experimental story had two versions that differed only in terms of one sentence. One sentence version conveyed an event boundary and the other did not. This is referred to as the boundary sentence. After the boundary sentence there was a buffer sentence, and then an anaphoric sentence containing the reference to that entity mentioned in the referent sentence (see Table 1 ).
In addition, there was a comprehension question at the end of each story that assessed various aspects of the stories and were answered by a true or false click response. These questions served as a gauge to make sure that the participants were actively reading the stories.
Procedure Participants were given a brief explanation of the study and a consent screen to approve on the Qualtrics website. Previous work has shown that web-based applications using JavaScript code, as we have done here, provides response-time estimates that are sufficiently accurate for the speed of processing being assessed here (Crump, McDonnell, & Gureckis, 2013) . After this, participants read instructions and continued on to the stories. At the beginning of each narrative, a story title was presented. Afterward, each story was presented one sentence at a time, and participants advanced through the story by pressing the space bar. Reading times were collected. After each story, the comprehension question was presented. Stories were presented in a random order for each person. Each participant saw an equal number of boundary and nonboundary stories. These were counterbalanced and randomized across participants.
Demographic questions were asked at the end of the experiment. This included gender, age, education level, ethnicity, handedness, environment, noise level, computing device, Internet connection, native language, and current state of alertness. Data from participants in noisy environments were excluded.
Results and discussion
Accuracy rates on the comprehension questions was high (M = .94, 95% CI [.91, .96] ). The reading time data for the anaphor, referent, boundary, and buffer sentences were analyzed using a repeated measures ANOVA. Of most interest, for the anaphoric sentences, the effect of boundary condition was significant F (1, 39) = 4.73, MSE = 4,513, p = .04, η p 2 = .11, with participants reading more slowly when an event boundary separated the anaphor and its referent (see Table 2 ). This replicates prior work (Anderson et al., 1983; Claus & Kelter, 2006; Glenberg et al., 1987; Kelter et al., 2004; Radvansky & Copeland, 2001 ). Thus, the narrative event boundaries served to impede memory, causing the anaphor resolution to take longer for the stories that included a narrative event boundary compared to those that did not. To assess whether performance on the anaphoric sentences could be due to other differences, such as the original encoding of the referent, the processing of the event boundary, or the buffer sentence, we also analyzed reading times for those differences. For the referent sentences, not surprisingly, the effect of boundary condition was not significant F(1, 39) = 0.49, MSE = 3,468, p = .49, η p 2 = .01. Thus, the anaphoric sentence processing time effect is not due to differences in the original encoding of the referent.
For the boundary sentences, although reading times were nominally longer when there was an event boundary, this effect was not significant, F(1, 39) = 1.36, MSE = 3,523, p = .25, η p 2 = .03. While many studies have found that event boundary sentences show an increase in reading time at those points (e.g., , this is not always observed (e.g., Zwaan et al., 1995b) . It has been shown, using memory probes, that people update their event models even when reading-time data show no such increase at these points (Radvansky & Copeland, 2010) .
For the buffer sentences, the effect of boundary condition was also not significant, F(1, 39) = 0.29, MSE = 618, p = .60, η p 2 = .005. Thus, there was no difference in the reading times prior to the reading of the anaphoric sentence.
In sum, the results of Experiment 1 replicated prior work showing that the presence of a narrative event boundary made the resolution of an anaphoric reference more difficult. Based on an analysis of reading times for other sentences in the text, this is not likely due to factors other than the event boundary itself.
Experiment 2
The aim of Experiment 2 was to assess whether the anaphor disruption observed in Experiment 1 was due to the narrative event boundary segregating the information into separate event models (as suggested by the Event Horizon Model) or by a more general cognitive process that involves the removal of newly irrelevant information from working memory. To this end, we replicated the two conditions used in Experiment 1, along with two additional conditions. In one, rather than having a narrative event boundary, the anaphor and referent were separated by a distractor task (solving two-digit multiplication problems for 30 seconds) to clear out the contents of working memory (cf. Oulasvirta & Saariluoma, 2006) . In the other condition, both the narrative event boundary and the distractor task were present. So, in essence, a 2 × 2 design was used in which the presence or absence of a narrative event boundary was crossed with the presence or absence of a distractor task.
As noted in the introduction, there are two competing hypotheses (outlined in Fig. 1 ) about what might be causing the anaphor resolution disruption when there is a narrative event boundary, as was observed in Experiment 1. The first possibility is that the distractor task will not cause an anaphor resolution disruption. This pattern of data would be consistent with the Event Horizon Model idea that the disruption is caused by a narrative event boundary alone. That is, the narrative event boundary causes a new event model to be created. Information associated with the prior event model (in this case, the referent) would be associated with a prior event model, which is no longer maintained in working memory. In comparison, if a distractor task is presented that disrupts reading, then, although this task would remove the prior event model from working memory while the multiplication problems are being solved, after the distractor task was completed, the prior event model of the situation described by the text would be reactivated in working memory and performance would be similar to if there was no such disruption.
The second possibility is that the distractor task would also cause a disruption in anaphor resolution as part of a more general mechanism of removing information from working memory. Thus, once text information is removed from working memory by the distractor, including knowledge of the referent, it would need to be reactivated when the anaphor is encountered, regardless of the event structure. That is, performance would not be guided by the reactivation of a prior event model but by other nonevent-based processes that operate on the activation of concepts in memory in a more passive way.
Method
Participants We collected data from 80 participants, recruited using the Amazon Mechanical Turk service, who were paid $2.00 for their participation. The larger sample size was a response to the increased number of conditions. Participants were limited to people who were over 18 years of age and were native English speakers located in the United States.
Materials and procedure The stories and procedure from Experiment 1 were used, except that for half of the stories there was a reading disruption that occurred after the [122, 194] boundary sentence in the form of a 30-s, two-digit math multiplication task (e.g., 61 × 92 = ?). For the distractor task, a reader was given 20 multiplication problems on a single screen. Readers scrolled down as they progressed through the problems. The distractor screen disappeared at the end of 30 s, and the next text sentence was immediately presented. This distractor task occurred just after the boundary sentence, prior to the buffer sentence. The distractor task was counterbalanced across stories and participants. Thus, each person read three stories in each of the four conditions. The reading time data were analyzed using a 2 (narrative boundary) × 2 (distractor task) repeated measures ANOVA. For the anaphor sentence, like Experiment 1, there was a main effect of boundary, with resolution taking longer if there was a narrative event boundary between the anaphor and the referent, F(1, 79) = 4.29, MSE = 6,314, p = .04, η p 2 = .05 (see Table 3 ). Importantly, neither the main effect of distractor task, F(1, 79) = 1.50, MSE = 6,058, p = .22, η p 2 = .02, nor the interaction were significant, F(1, 79) = 0.01, MSE = 6,351, p = .94, η p 2 < .001. Thus, the reading time increase in the event boundary conditions appears to be due to the separation of the anaphor and referent into different event models and does not appear to be primarily due to a removal of information from working memory apart from event structure, as is consistent with the Event Horizon Model account (Table 3) .
Results and discussion
To assess performance on whether the anaphoric sentences could be due to other differences, we also analyzed reading times for the referent, boundary, and buffer sentences. For the referent sentences, neither the main effects of boundary condition nor distractor were significant, F(1, 79) = 2.83, MSE = 7,085, p = .10, η p 2 = .03, and F(1, 79) = 0.03, MSE = 5,636, p = .87, η p 2 < .001, respectively, nor was the interaction, F(1, 79) = 1.16, MSE = 5,424, p = .29, η p 2 = .01.
Thus, there were no major differences in the original encoding of the referent.
For the boundary sentences, neither the effect of boundary condition nor the distractor were significant, F(1, 79) = 0.27, MSE = 3,927, p = .60, η p 2 = .003, and F(1, 79) = 2.59, MSE = 3,361, p = .11, η p 2 = .03, respectively, nor was the interaction, F(1, 79) = 0.003, MSE = 4,315, p = .96, η p 2 < .001. Thus, like Experiment 1, no difference was observed in the reading times when the text conveyed an event boundary.
Finally, for the buffer sentences, while neither the main effect of boundary condition nor the interaction were significant, F(1, 79) = 0.58, MSE = 17,316, p = .45, η p 2 = .007, and F(1, 79) = 0.001, MSE = 18,915, p = .98, η p 2 < .001, respectively, there was a significant main effect of distractor, F(1, 79) = 104.34, MSE = 68,729, p < .001, η p 2 = .60. Specifically, unlike the subsequent anaphoric sentence, reading time was substantially slower if a participant had just completed the distractor task and was returning to the narrative. This is consistent with prior work showing a reading time increase when participants returned to a continuous text after an interruption as they reestablished their processing of the prior text (e.g., Fischer & Glanzer, 1986; Glanzer et al., 1984) .
In sum, the reading time data in Experiment 2 are most consistent with the idea that the disruption in anaphor processing following a narrative event boundary is due to the information being placed in a separate event model and not to a general loss of information from working memory. However, while the main effect of distractor presence was not significant, the reading times are in the general direction of greater difficulty of anaphor processing after a delay. It seems likely that under more extreme circumstances, such as a longer delay, some influence would be observed. However, nothing in this pattern of data indicates that this removal of the contents of working memory is contributing to the impairment of anaphor resolution caused by the narrative event boundary.
General discussion
The current experiments assessed whether the impairment of anaphor resolution in the presence of event boundaries during Table 3 Reading times (in ms/syllable) for sentences containing anaphoric references in no-boundary and boundary conditions for Experiment 2. The 95% confidence intervals are reported in brackets.
narrative comprehension is due to the presence of narrative event boundaries or a more general removal of information from working memory. In Experiment 1, conceptually replicating prior work (Anderson et al., 1983; Claus & Kelter, 2006; Glenberg et al., 1987; Kelter et al., 2004; Radvansky & Copeland, 2001) , we found that anaphor resolution was impaired, showing that the presence of a narrative event boundary did influence the accessibility of prior text information. Moreover, Experiment 2 assessed anaphor resolution in the presence or absence of both the narrative event boundary as well as a distractor task to clear working memory. The results showed that while the narrative event boundary had a significant influence on anaphor resolution reading times, the distractor task did not.
Overall, the results support the idea that when a narrative event boundary is encountered, readers engage in processes identified by Radvansky and Zacks (2014) as part of the Event Horizon Model. First, when a narrative event boundary is encountered, a new event model is created. Second, only the current event model is maintained in working memory. The prior event model, as well as the information associated with it, is removed from working memory. If reading is interrupted by some nonnarrative task, then the prior event model will be reactivated. In the case where there was no narrative event boundary, this will be the one event model that the person was working with previously, and the anaphor referent would be part of this event model in working memory. Alternatively, in the case where there was a narrative event boundary, the previous event model had already been removed from working memory, so the additional distractor task would have a relatively minor, if any, effect on later anaphor processing. This conclusion is supported by the finding that anaphor resolution was compromised by the presence of a narrative event boundary but not by the presence of a distractor task.
Having said this, two clarifications are needed. First, while in the current experiments the absence of a narrative event boundary resulted in a relatively easy resolution of an anaphor, this does not mean that anaphor resolution will be similar in all cases so long as the description is of one, singular event. This is clearly not the case. Instead, as descriptions of a single event grow more complex, it would be expected that this would also make the process of resolving an anaphor more difficult (e.g., Light & Capps, 1986) . Moreover, other, more linguistic factors could also have an influence, such as when there are multiple referents that could potentially be suitable for an anaphor (e.g., Gernsbacher & Hargreaves, 1988) .
Second, while in the current experiments the distractor task did not have an influence on anaphor resolution, this does not mean that longer or more involved interruptions would not. When a person turns away from the process of reading a text and then returns to it later, if the interruption is relatively mild and short-lived, then it would not be surprising that the person would be able to retrieve a prior event model into working memory, and it would be more or less intact. However, with longer intervals between the cessation of reading and picking it up again, one would expect the memory retrieval process to become more difficult and the integrity of the event models to be reduced with the passage of time. Thus, there are clear limits on the effects reported here.
Overall, and more generally, this work is consistent with the idea that as we progress through information in the world, in this case using written narrative, we parse our experience into events and remove information not relevant to current events, and this parsing influences how we perform. In many cases, this process may be advantageous in that when moving to a new event, the removal of previously relevant information may adjust cognition so that it is more suited to the current circumstances and is less distracted by elements that would have been relevant to the prior event. Problems arise when information remains relevant across events. These problems are not insurmountable, but disruptions can occur. This is also in line with the idea that events are a fundamental unit of cognition that helps structure and organize our thought.
